The heats of isomerization of the ix C7Hu alkylcyclopentalles were determined by measurement of the ratios of th e heats of co mbustion of purified sampl es of these compounds in t he liquid state by t he procedure previously described for other iso meric hy drocarbons. The data yield thc following values for t he heat of isomcrization, !> 1I0, in the liquid state at 25° C, of ethylcyclopentane into each of the dimethyleyclopentanes, in kilocalori e per mole: Ethyleyclopentane, 0.00; 1,1-dimethyleyclopentanc, -2.06 ± 0.12 ; cis-1,2-dim ethylcyclopentane, -0.44 ± 0.20; trans-1,2-dimethylcyclopentane, -1.86 ± 0.16 ; cis-l ,3-dimethylcyclopentane, -1. 11 ± 0.24; trans-l,3-d imethylcyclopentane, -1. 60 ± 0.1 4. Th e e val ues were combi ned with valu es for t he differences in t he heats of vapori zation of these isomers to obtain value for the heats of isomerization in t he gaseo us state at 25° C.
I. Introduction
In continuation of the program of determining t he h eats of combustion, formation, and isomerization of h ydrocarbons of various types [1] / calorimetric measurem ents have been made that yield values for the differences in t he heats of combustion , or th e heats of isomerization, of the six C 7H ]4 aD,yleyclopentanes in the liquid s tate at 25° C. These values of h eats of isomerization were combined with values [2] for the differen ces in th e h eats of vaporization of these isomers at 25° C to obtain values for the heats of isomerization in the gaseous state at 25° C. Utilizing th e values previously repor ted [3] for t he h eats of combustion and formation of ethylcyclopentane in t he liquid and gaseous states at 25° C, corresponding values were calculated for the five dimethylcyclopentanes. 1 Figures in brackots indicate the literature references at the end of this paper.
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II. Unit of Energy, Molecular Weights, Uncertainties
The uni t of energy upon which values reported in this paper arc based is the absolute joule, derived from m ean solar second s and absolute ohms and volts, in terms of which cer tification of standard resistors and cells is mad e by this Bureau. For conversion to the conventional th ermochemical calorie, the following relation is used [4, 5] : 1 calorLe=4. 1840 absolu te joules.
The molecular weight of carbon dioxide, the mass of which was used to determine the amount of r eaction , was taken as 44.010, from the 1947 table of international atomic weights [6] .
The uncertainties assigned to the various quantities dealt with in this paper were derived, where possible, by a m ethod previously described [7] .
Definitions of the symbols used are gIven m previous papers [1, 8] .
III. Method and Appa ratus
The same method and apparatus were used as in the investigations recently reported from this laboratory [1] . One calorimetric system, resistance bridge (No . 404), and platinum resistance thermometer (No. 373 ,730) were u.sed for all the experiments reported here.
No products associated with incomplete combustion were found in any of the experiments.
IV. Materials
The compounds used in the present investigation were samples from the API -NBS series of highly purified hydrocarbons, which are being prepared through a cooperative undertaking of the American Petroleum Institute and the N ational Bureau of Standards.
These samples of API-NBS hydrocarbons have b een made available by the American P etroleum Institute and the National Bureau of Standards tllTough the API R esearch Project 44 on th e "Collection, analysis, calcula~on, and compilation of data on the properties of hydrocarbons." The samples were purified at the National Bureau of Standards by the API R esearch Project 6 on the " Analysis, purification, and properties of hydrocarbons," from material supplied by the following laboratories : E thylcyclopen tane (A ), cis-I ,3-dimethy lcyclopentane, and trans-l , 3- A complete descrip t ion of the purification . '
punty, and freezing points of the six API-NBS hydrocarbons used in the present investigation is given in references [9, 10, 11] , which reported the amounts of impurity in these samples, as determined from m easurements of freezing points, to be as follows in mole fraction: Ethylcyclopen-252 tane (A), 0.0008 ± 0.0004; l ,l -dimethylcyclopentane, 0.0003 ± 0.0002; cis-I ,2-dimethylcyclopentane, 0.00025 ± 0.000 I6 ; trans-I ,2-dimethylcyclopentane, 0.001 3 ± O.OOIO; cis-I ,3-dimethylcyclopentane, 0.0041 ± 0.0023; trans-I ,3-dimethylcyclopentane (A) 0.0035 ± 0.0009. As the manner of purification [9, 10, 11] was ~uch a.s ~o lea:~ su.bstantially only close-boiling ~s~menc Impuntles m the r espective compounds, It IS calculated that in the extreme case the measured h eat of combustion would be affected by less than 0.001 p ercent because of impurities.
The samples of trans-I ,2-dimethylcyclopentane and trans-l ,3-dimethylcyclopentime are the racemic mixtmes of the dextro and leva forms. With regard to energy content, the dextro andlevo forms are identical, and any difference between these and . the racemic mixture would be insignificant.
V. Results
The experimental results of the present investigation are summarized in table 1, which gives for each of the six compounds the following data : The number of experiments performed; the minimum and maximum values of the mass of carbon dioxide formed in the combustion and of the calorimetric quantities, t:..Rc, M i , and t:..rn [8] ; the m ean value of B , and its standard deviation in ohms per gram of carbon dioxide formed, ' as defined by eq 4 ofrcference [8] . The symbols have the same significance as in reference [1] .
In table 2 are given, for the six C7H 14 alkylcyclopentanes, values of the following: The constant B, in ohms p er gram of carbon dioxide, as given in table 1; BO, which is the value of B corrected to the ideal bomb reaction by the method of Washburn [12] 2; B~/B~, which is equal to the ratio of the h eat evolved, per mole of hydrocarbon in the ideal bomb process at 28° C for each isomer'to that of cthylcyclopentane; and (-t:.. UO)n-(-t:.. UO);, the differen ce, between ethyleyclopentane and each isomer , in th e h eat of combustion in the ideal bomb process at 28° C.
. 2 The WasbbllIll correction is tbe same for all tbese compo unds as they are 1somers, but account is takcn of the variation of the correction with the amount of sample burned. As used here, tbe Washhurn correction was mod1fied to apply to 28° C (the temperature to which the measured beat of comb ustion is referred) and to the gases at zero pressure (instead of 1 atmospbere). The values of the differences in the heats of combustion in the ideal bomb process, (-b. UO)n-(-b.U Oh were obtained by means of th e relation [8] 
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(-t.UO) n-(-t.UO ) i = (-b.UO)n ( 1-j~}
For this calculation, the value of (-b. UO)n at 28°C was taken from reference [13] the h eat of isomerization of ethylcyclopentane into each isomer at 25° C for the liquid and gaseous states; -t.Hco, the decrement in the h eat content accompanying the reaction of combustion of the hydrocarbon in the liquid or gaseous state, as indicated, in gaseous oxygen to form gaseous carbon dioxide and liquid water at 25° C; and t.HP, the increment in h eat content or enthalpy of the process of forming the given hydrocarbon in the liquid qr gaseous state, as indicated, from its elements, gaseous hydrogen and solid carbon (graphite), at 25° C.
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, L The h eat of isomerization, H~ -H~, in the liquid state at 25 ° C was taken as equal to the differen ce ( -fl UO) j -( -fl UO) n between each isomer and ethylcyclopentane, in the h eats of combustion in the ideal bomb process at 28° C, since for these isomers the conversion to the constantpressure process and to 25 ° C will be the same, well within the limits of uncertainty assigned to the values.
The heats of isomerization, H~ -H~, in the gaseo us state, were obtained from the values in th e liquid state by use of th e following values for the difference in the h eat of vaporization of each isomer to that of ethylcyclopentane [2] , in kcal/mole: Ethylcyclopentane, 0.00; 1,1-dimethylcyclopentane, 0.64; cis-1,2-dimethylcyclopentane, 0.1 7; trans-1,2-dimethylcyclopentane, 0.46; cis-1,3-dimethylcyclopentane, 0.47 ; trans-1,3-dimethylcyclopentane, 0. 52.
The value of the heat of combustion or formation of a given isomer was obtained by appropriately combining the heat of isomerization with the heat of combustion or formation of ethylcyclopentane as given by the following values from references [13, 14, 15] All the uncertainties assign ed to the experimental quantities in table 2 (except the h eats of combustion and formation) are equal to twice the standard deviation of the mean. The uncertainties assigned to the values of the h eats of combustion and formation were obtained by combining [7] the uncertainty in the values of the heats of combustion and formation of ethylcyclopentane [14] , with the uncertainties in the values of the heats of isomerization. The uncertainty to be assigned to the value of the heat of isomerization of anyone of the isomers into any other one may conservatively be taken as ± 0.25 kcal/mole.
VI. References
Journal of Research
I )
